It has been known for a long time that certain animals, following the ingestion of various substances, are rendered sensitive to certain types of radiant energy. The present study covers biologic and physical observations on the degree of sensitization, the character of the sensitizing light and the nature of the photodynamic substance of buckwheat. White rabbits, mice, rats, goats, swine, dogs and varicolored guinea pigs were studied. Sunlight, carbon arc lamp (Efka or Hoffman) with Conradty-Norris vacuum carbon electrodes and quartz mercury vapor arcs (Victor X-Ray Corporation), both with and without various filters, were employed for irradiation. All of these sources contain infra-red, visible and ultra-violet radiations.
It has been known for a long time that certain animals, following the ingestion of various substances, are rendered sensitive to certain types of radiant energy. The present study covers biologic and physical observations on the degree of sensitization, the character of the sensitizing light and the nature of the photodynamic substance of buckwheat. White rabbits, mice, rats, goats, swine, dogs and varicolored guinea pigs were studied. Sunlight, carbon arc lamp (Efka or Hoffman) with Conradty-Norris vacuum carbon electrodes and quartz mercury vapor arcs (Victor X-Ray Corporation), both with and without various filters, were employed for irradiation. All of these sources contain infra-red, visible and ultra-violet radiations.
I~SLr~ OF LITERATURE.
Considerable literature, especially European, has appeared on the subject of diseases in animals and man brought about by optical sensitization. Somewhat detailed accounts of the contributions relative to diseases due to exogenous sensitization are to be found in the brochures by Hausmann and by Mayer. Years ago European stockmen found that in certain animals which had ingested buckwheat (plant or seed), erythema, itching, edema and convulsions developed and, in many cases, paralysis and death, on exposure to out-of-door sunshine. However, untoward symptoms did not arise if the animals were kept indoors or in partial darkness and they recovered from the sensitization induced by eating certain plants if they were removed from the light early in the onset of the symptoms. Likewise it was found that the non-pigmented areas of the body were affected readily, whereas the pigmented areas were kept intact. A relatively high degree of intensity of light appears to be a factor in all such diseases as so called buckwheat poisoning (fagopyrismus). Buckwheat causes sensitization to light 1013
which may persist for a few weeks after the last ingestion of this substance provided the animals are kept in a dark place or if cloudy weather intervenes. This is true Mso after the experimental ingestion of hematoporphyrine.
Finsen observed that such photosensitizations were due to an optically active substance. He studied the influence of daylight on the course of smallpox, in which it would appear that the short or chemical rays must be avoided. He pointed out the similarity between this affection in man and buckwheat poisoning of animals.
At first it was thought that the etiology of fagopyrismus was to be found in secondary organisms, which were believed to live on the plants as parasites, and that these suffered certain changes under the influence of sunlight. Von Tappeiner, however, found in his experiments on photodynamic substances that sickness due to buckwheat could be induced by the removal of fluorescent material from the plant after its exposure to light. Merlan arrived at the same conclusions as previous investigators but added the suggestion that the sensitization produced might be due to the longer waves of the visible portion of sunlight. The idea is prevalent in the literature that, since herbivorous animals in their ingestion of food take in considerable quantities of photodynamically active substances, especially chlorophyll, the frequent appearance of diseases due to exogenous sensitization should be expected. Apparently, however, these substances are not taken up by the animal organism in photodynamically active form or they are rendered inactive by some process in the body.
Methods of Experiments.
Feedlngs.--The goats, rabbits and guinea pigs were fed freshly cut buckwheat and dry seed. The swine received macerated green plant, with milk and bread, in the relative ratio of 2:1. The dogs were fed macerated green buckwheat and chopped meat in equal parts. The rats and mice were fed dry seeds only.
Irradiation.--All animals were kept in cages or stalls away from direct light.
During exposure they were placed in a wire mesh cage with an open top. In the investigation of the effects of selective solar irradiation a metallic box was used, over the top of which windows of different absorptive filters were placed as desired. The whole apparatus could be set at angles to bring all animals under the direct rays of the sun.
The Efka carbon arc was operated on 110 volts alternating current and carried 10 amperes. By reason of its construction (with a spherical reflector so angled as to concentrate much of the light and heat from the lamp at a point directly beneath the arc), it was necessary to place the animals in a metallic box built so as to avoid shadows when it was placed about 30 cm. directly in front of the arc proper. Glass filters were fitted in the apertures at the side and top of the box when desired.
An air-cooled quartz mercury vapor lamp was operated at 70 volts and at a distance of 50 cm. from an open topped polished metal box, in which were placed the animals to Be irradiated.
The dogs, swine and goats were placed in open areas or fields during irradiation, thus bringing them under a natural environment and permitting slight reactions to be noted.
Observations on Animals after Irradiation.
Sunlight.--After 4 days of the feeding of fresh buckwheat, guinea pigs became photosensitive to direct sunlight. These were the earliest reactions noted. The symptoms, in the order of appearance, were: shaking of the head, excitation, squeaking, scratching of the ears and intense agitation. They attempted to protect themselves by huddling and crawling under each other. The degree of photosensitization increased with continued feeding of buckwheat until, at the end of a week, an exposure of 20 minutes to direct sunlight caused symptoms similar to those in anaphylaxis. The animals were calmed only with complete darkness.
The swine were next in susceptibility. They exhibited marked symptoms of photosensitization on the 10th day of feeding buckwheat. However, the symptoms were not the same as those manifested by the guinea pigs. The reactions noted were: itching, weakness and extensive urticaria followed by sloughing. The first reactions were observed after about 2 hours of direct solar irradiation.
The goats manifested only itching and weakness after 14 days of feeding.
Rabbits, dogs and white rats did not manifest symptoms of photosensitization following direct solar irradiation. The rabbits were exposed to sunlight on every clear day during the feeding of buckwheat for a period of 30 days. No evidences of sensitization were observed even after exposure for 5 hours to direct sunlight. Dogs kept on a diet consisting of 50 per cent buckwheat for 3 weeks were exposed daily to direct sunlight without visible reactions or discomfort, although the periods of exposure were increased to 6 hours. The white rats did not exhibit s~h~pt~ms of photosensitization.
Quartz Mercury Vapor Lamp.--Irradiation by a quartz mercury lamp did not produce symptoms of sensitization to light in animals fed on buckwheat (plant or seeds). If anything, this type of irradiation appeared to build an additional resistance to photosensitization, probably because an increase in pigmentation was produced.
Carbon Arc.--With the carbon arc, the biologic effects were similar to those produced under direct sunlight but were much less severe.
The Region of Photosensitizing Action.
In order to test whether or not there were any differences in physiologic reactions under various portions of the visible solar spectrum, amber and blue glass filters were used. Light-tight boxes were made and fitted with covers carrying the selected filters. Sensitized animals (guinea pigs) were placed beneath these filters and under direct solar irradiation. Animals under the amber glass (Pittsburgh 48, hammered cathedral) evidenced the same excitability, irritation, itching and scratching as shown by other (or the same) sensitized animals under full sunlight. Animals under blue glass (Pittsburgh 351 or 56, hammered cathedral) remained quiescent and behaved for the most part as did animals having no buckwheat in their diet.
Spectroscopic curves showing the percentages of transmission of light of various wave-lengths by the filters used are shown in Fig. 1 . Sirrce the blue filters transmit the region of short wave-lengths (400 to 500 millimicrons) to a maximal amount and since animals fed on buckwheat do not show reaction under such filters, it is apparent that the blue-violet portion of sunlight, together with the near ultra-violet portion also transmitted, is not the photosensitizing region. Hausmann (1911 Hausmann ( , 1914 demonstrated that hematoporphyrine has a photodynamic action. It was shown by Freund that eruption in hydroa is produced by wave-lengths from 325 to 396 millimicrons. However, it would appear from the literature that, in experimental sensitization with hematoporphyrine, it is not the invisible but rather the visible portion of the spectrum that is active, namely that in the region of 500 millimicrons.
Certain observers have felt that, by reason of the close parallelism between the chemical and physiologic properties of hemoglobin and chlorophyll and their derivatives (Palladin) , such as phylloporphyrine and hematoporphyrine, hematoporphyrine was possibly the photosensitizing agent in the case of buckwheat disease. If the statement can be accepted that the region of 500 millimicrons is the photodynamic portion of the spectrum in the case of hematoporphyrine, then this substance is ruled out of consideration in the present experi- ments for the reason that the energies transmitted by the filters used (Fig. 1) in the region of 500 millimicrons are comparable, yet photodynamic action occurs under the amber filter but not under the blue.
Neither can the difference in physiologic action of the radiant energy transmitted by the different filters be attributed to infra-red radiation. Fig. 2 shows the percentage transmission of the amber and blue filters for wave-lengths of from 750 to 4250 millimicrons. These ctirves are comparable in all respects; if anything, the blue filter, under which no sensitization occurs, transmits about 10 per cent (on the average) more infra-red radiation than does the amber filter (Sheard) .
From the character of the physiologic and pathologic reactions produced under various filters and from a consideration of the percentages of transmission of solar energy in the visible spectrum, we conclude that the region of photosensitization lies between 580 millimicrons and the red end of the spectrum. 
Spectrophotometric Determinations of Chlorophyll.
From our experience with ethyl alcoholic solutions of chlorophyll (of sufficient dilution) from various sources we believe that such solutions will show two absorption zones, namely, from the limit of the violet end of the visible spectrum to about 500 millimicrons and from 630 millimicrons to approximately 680 millimicrons with a point of maximal absorption at from 660 to 670 millimicrons. That is to say, there is marked absorption in living leaves and in alcoholic solutions of chlorophyll (ethyl chlorophyllide) in the extreme viol'et and remote red ends of the spectrum. Besides these absorption bands or zones, certain other alcoholic solutions of chlorophyll of equal concentration (as judged by the degree of absorption in the violet and red regions) exhibit additional bands. Curve 2 of Fig. 3 (alcoholic extract from grass) and Curve 1 of the same figure (alcoholic extract of buckwheat leaves) exhibit practical equality of absorption in the regions 430 to 490 millimicrons and 630 to 690 millimicrons. The buckwheat extract, however, exhibits two additional bands with maximal absorption zones at about 540 and 600 millimicrons, as is shown definitely in Curve 3 of Fig. 3 (alcoholic extract of stems of buckwheat). These data may indicate that there are two forms of chlorophyll, such as chlorophyll a, and chlorophyll b, suggested by Willst~tter and Stoll or that there are derivatives of chlorophyll present in certain plants (such as buckwheat) that are not found in other vegetation, such as grass.
The Spectrophotometric Determinations of t~lood Serums of Sensitized
Animals.
Several attempts were made to obtain satisfactory spectroscopic and spectrophotometric tests on the blood serums of normal and sensitized guinea pigs. Difficulties connected with the prevention of hemolysis of considerable degree, however, did not warrant the drawing of conclusions with respect to the differences in character of the spectrophotometrie data, since hemolysis (as evidenced by absorption bands with a maximum at practically 540 and 580 millimicrons) would also cause an increase in spectrophotometric absorption in the blue-violet zone (490 to 430 millimicrons).
The same difficulties likewise existed in general in the serums from swine. In one case, however, serums from a normal and a sensitized pig were obtained relatively free from hemolysis. Curve 1 , Fig. 4 , shows the spectrophotometric results on the blood serum of a normal pig and Curve 2 contains similar data on the animal photosensitized by buckwheat. Both curves demonstrate the presence of small but practically equal hemolysis, as shown by the absorption bands at 540 and 580 millimicrons. Curve 2, however, shows two additional absorption zones with a maximum at practically 600 and 660 refillmicrons, with increased absorption in the blue-violet region (430 to 490 mill/microns).
PHOTO SENSITIZATION

Pathologic Data.
The anatomic changes noted in cases of buckwheat disease vary according to the length and intensity of the exposure of the sensitized animals. After a short exposure (20 minutes) of a sensitized animal to sunlight, the most noticeable change observed microscopically is hyperemia of the skin, and in most cases accompanying edema. In severe reactions the changes already noted occur and blebs and ulcers may also form. Later, crusts may be formed on the surface. Hemorrhage into the areolar connective tissue may also occur.
Fatal reactions generally demonstrated the anatomic changes mentioned, but there may also be petechial hemorrhage of the lungs, brain, liver, stomach and kidneys. Parenchymatous degeneration is usually found. The most striking feature at the postmortem examination of a photosensifized animal which has died from exposure is the lack of any marked pathologic change. The lesions found suggest the presence of profound toxemia.
In animals sensitized with buckwheat, and exposed to irradiation for a few minutes at a time and over a sufficient number of days, pigmentation involving the basal layer of the skin develops in unpigmented areas. This pigment may be distributed also in the adjacent squamous epithelium and even in the fibrous connective tissue of the deeper layers of the skin. Edema and hyperemia are present also in the skin of those animals having chronic experimental buckwheat disease. The outer layers of the skin are thickened and usually there is free desquamafion. Some observers have described hypertrophy of the cartilage of the ears as associated with the hyperkeratosis but it has not been found in our series of animals. In none of the animals observed (not even those exposed to daily periods of irradiation over a period of 6 months) has any lesion developed which we felt suggested a malignant neoplasm.
DISCUSSION.
General. Urticaria has been noted in domesticated animals pasturing on certain plants. The malady is especially noticeable when white swine pasture on rape and certain clovers. Urticaria on the non-pigmented areas of skin of Holstein and Guernsey cattle is frequently observed. If the animals are kept in darkened stables the disease soon disappears. Stockmen have attributed the disease to certain insects, dew, nettle rash and plant secretions. Without doubt this affection appears in susceptible animals following the ingestion of certain plants with subsequent exposure to unfiltered sunlight. It may be that many plants are capable of producing this condition and that in ruminating animals the active compound undergoes chemical changes during the long process of fermentation and digestion and is thereby rendered harmless. Therefore, it is possible that photodynamic reactions occur only when large quantities of these plants are ingested and the entire organism becomes saturated.
Pathology.--The anatomic changes noted in sensitized animals that were exposed for brief periods to irradiation are about the same as those found in normal animals after prolonged exposures. Photosensitization therefore accelerates anatomic changes. Following a fatal dosage of light, the anatomic changes (petechial hemorrhages and parenchymatous degeneration) suggest that death is due to profound toxemia which kills the organism before extensive anatomic changes develop. In animals experiencing severe reaction there is, apparently, marked increase in the coagulability of the blood. It is difficult to draw blood from such animals. Postmortem examinations of photosensitized animals, whether killed by the effects of irradiation or by other means, almost always revealed the blood in firm clots in the largest vessels.
The Region of Photosensitlzing Action.--Photodynamic action is
brought about by the portion of radiant energy which is absorbed by the sensitizing substance. The majority of photodynamiC actions which can be attributed to pigment are caused by the visible portions of the spectrum. It follows, therefore, that photodynamic effects are due ordinarily to the longer wave-lengths of visible light. The laws of photochemical reactions apply to photodynamic actions. Temperature has but little, effect. The reactions which have been described in this paper were not influenced by extremes of external temperature, for they occurred about as readily on a cool day as on a hot day.
The ultra-violet portion of sunlight, carbon arcs or quartz mercury vapor lamps does not appear to be effective in photosensitization following the ingestion of buckwheat. It is claimed that the presence of hematoporphyrine (which is a derivative of hemoglobin most closely related chemically to phylloporphyrine, a derivative of chlorophyll) brings about drastic reactions, (under irradiation of wave-lengths from 260 to 400 millimicrons), of the same general character as those produced by buckwheat. Various authorities claim that hydroa ~esti-vale, xeroderma pigmentosum, seaman's skin and smallpox are either caused by or unfavorably influenced by ultra-violet light or the chemically active rays of sunlight (Mayer, . In our experiments, irradiation with ultra-violet light from a quartz mercury vapo r lamp did not produce sensitization, but on the contrary built up a resistance to the untoward effects ordinarily produced when buckwheat-sensitized animals were exposed to the longer wave-lengths of sunlight. These observations lead us to believe that (1) exogenous sensitization to light, as induced by buckwheat, is not due to ultraviolet rays, (2) the effect of ultra-violet irradiation in such cases is beneficial, since the development of pigment acts as a protective agent, thereby changing the skin of the animal from a light color to a dark color and (3) hematoporphyrine, in all probability, is not the active substance. Fig. 4 we believe demonstrate the presence of chlorophyll or its derivatives in the blood of animals photosensitized by buckwheat. Attempts were made to sensitize dogs to buckwheat but were found to be unsuccessful after a period of daily feeding of buckwheat for over 3 weeks. There is evidence to show that, in all probability, none of the chlorophyll was taken into the blood through absorption by the walls of the digestive tracts of the dogs used in these experiments. Bollman, Sheard and Mann have shown that bilirubin was not formed from chlorophyll under conditions which allowed the formation of bilirubin from hemoglobin. Herbivora excrete chlorophyll in the bile during periods when their rations are rich in chlorophyll. According to Broun, McMaster and Rous, sheep show definitely that chlorophyll may be altered in the body, since a greenish pigment, cholehematin, is produced, when the animal is on green food. This pigment is also excreted in the bile. When cholehematin is administered to dogs it is excreted as such in the bile.
Spectrophotometric Studies of Chlorophyll and of 131ood Serums of Sensitized and Non-Sensitized Animals.--The curves of
The Nature o/the Photodynamic Substance.
According to yon Tappeiner, the active principle in photosensitization brought on by buckwheat is an alcohol-soluble fluorescent substance of a nature similar to that of chlorophyllan as described by Hoppe-Seyler. According to Busck, there exists a fluorescent material, fluorophyll, which can be obtained from buckwheat. Alcoholic extracts of buckwheat are said to be inactive in both irradiated and non-irradiated animals. According to Ohmke, such extracts have true fluorescence and the residue obtained from evaporation in a vacuum, when given by mouth to white mice, caused signs of paralysis and even death after the exposure of the animals to light. Von Tappeiner states that the colored material which incites photosensitization is soluble in alcohol.
Fluoresence is a physical property commonly attributed to photodynamic substances or associated with photosensitization. That is, substances producing photodynamic action are able to absorb light and usually fluoresce; the degree of photodynamic action, however, is not proportional to the degree of fluorescence. Only that region of the spectrum in which energy is absorbed by the fluorescent substance (or substances) is effective. It is thought that the presence of a fluorescent or photodynamic substance causes tissues to become susceptible to destruction by the energy contained in wave-lengths of light that would be ineffective otherwise, namely, the longer waves of light, which are able to penetrate deeper into the tissues.
We doubt the necessity of fluorescent action or the need of a fluorescing substance at any point of the photosensitizing process if the reactions produced by the ingestion of buckwheat are to be attributed to the chlorophyll constituent per se rather than to some other substance present in buckwheat or to some substance formed in the blood after the ingestion of buckwheat. Our reasons are:
1. Alcoholic and other extracts of grass and buckwheat (presumably largely chlorophyll) give an orange to reddish fluorescence when exposed to irradiation by the violet-blue end of the spectrum. So far as we know, grass is not toxic, whereas buckwheat is.
2. Fluorescence is a phenomenon in which various substances absorb radiation of a certain wave-length (or region) and reemit it as radiation of a longer wave-length. Fluorescence of chlorophyll in the longer wave-length portion of the spectrum is caused by the absorption of energy below a wave-length of 500 millimicrons. However, exposure of animals after the ingestion of buckwheat to the shorter waves of the visible spectrum does not produce photosensitization. Hence it would appear logical to conclude that th.e fluorescence of chlorophyll per se is not involved in the sensitization brought about by buckwheat.
We venture the suggestion that the photodynamic substance may be phylloporphyrine. The researches of Schunk and Marchlewski have contributed much to an understanding of the chemical character of chlorophyll. The action of hydrochloric acid on a solution of chlorophyll produces, first, chlorophyllan, then phylloxanthin and finally phyllocyanin. Phylloporphyrine is obtained by treating phyllocyanin with strong alkalies. We believe such a substance may possibly be present in the blood of sensitized animals, the hydrochloric acid of the stomach, by its action on chlorophyll, produdng chlorophyllan which, on absorption into the blood with an alkalinity represented by pH 7.4, produces phylloporphyrine. Phylloporphyrine is of interest because of its close relationship to hematoporphyrine. The spectrums of the two substances in various solvents are similar. The spectrophotometric curve of the serum of blood from photosensitive animals corresponds in many particulars with that of an alcoholic solution of phylloporphyrine.
It is possible, also, that cholehematin, or its precursor, may be the photodynamic substance. We have a series of experiments under way with reference to this possibility.
SUMMARY.
The chief points presented in this paper are: 1. Following the ingestion of buckwheat (plant or seed) varicolored guinea pigs, white swine and goats exhibited symptoms of photosensitization, the degree of sensitization being in the order given.
2. Rabbits, dogs, white mice and rats did not manifest symptoms of photosensitization.
3. The symptoms and reactions were: agitation, itching, scratching of the ears, weakness, urticaria with sloughing and symptoms similar to those in anaphylaxis. 4. Microscopic examinations showed the lack of marked pathologic change. The lesions, such as petechial hemorrhage of the lungs, brain, liver, stomach and kidneys, suggest that profound toxemia has been present.
5. Lesions were not found which appeared to be suggestive of malignant neoplasms.
6. Irradiation by a quartz mercury vapor lamp apparently develops a resistance to photosensitization, probably because of increased pigmentation induced by ultra-violet light.
7. From the nature of the physiologic and pathologic reactions produced under various filters and from a consideration of the percentages of transmission of solar energy in the visible spectrum, it would seem that the region of photosensitization lies between 580 millimicrons (yellow) and the red end of the spectrum. This conclusion, moreover, is substantiated by the fact that irradiation by a quartz mercury vapor lamp (which radiates no energy in the visible spectrum at a wave-length greater than 579 millimicrons) produces no symptoms or reactions.
8. Spectrophotometric determinations of alcoholic extracts of grass (non-toxic) and of buckwheat (toxic) show the presence of two additional bands in the absorption spectrum of buckwheat with maxima at about 540 and 600 miliimicrons, respectively, together with the common absorption zones at 430 to 490 millimicrons and 630 to 690 millimicrons.
9. Spectrophotometric determinations of blood serums of sensitized animals show, besides the usual absorption bands peculiar to oxyhemoglobin (with maxima at 540 and 580 millimicrons respectively), two zones with maxima at 600 and 660 millimicrons respectively.
10. The fluorescence of chlorophyll per se, as suggested by previous investigators, is not, in all probability, the cause of the sensitization induced by buckwheat.
11. Hematoporphyrine is not the photodynamic substance in all probability.
12. Phylloporphyrine may be the photodynamic substance. In this regard, also, the possibility of cholehematin is not to be ruled out.
